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Probably in 1934 or the year before, when youthful ideas would come
and go like people walking along 5th Avenue, an idea was born and grew-
an idea of an artificial heart. How it came, from where, or why will
remain unsolved as then my knowledge of biology was insignificant. Yet,
this idea would have sent me to medical school except for a war. And it
was during those years of war, that this idea, along with others, grew
until a new word was born in my vocabulary-biophysics-a word which ex-
pressed these ideas and which to me defined my life's work. Though this
work will be long and hard, it somehow appears easy and may be divided
into three parts-
a The construction of an artificial heart.
b Experimental work with this apparatus with
particular emphasis on the proble~s of nerve
and muscle regeneration.
c From the results of the above experimentation,
to try to transpl~nt useless organs by
useful organs as an example.
The success or the heart depends on its ability to keep the circulation
going in the animal in a manner as like the physiological condition as
possible. To attempt this, an apparatus will have to be designed, built,
tested, rebuilt, tested again, tried out on an animal-how many times I
know not.
At this point, I wish to thank many for either their help or faith
or both. My Mother and Father, Doctor Charles Henry Blake, Doctor
John Robert Loofbourow, Doctor Irwin Sizer, Mr. William Sewell Jr.,
Miss Norma Coggan, Mr. David Brown, Atr. Heber Stevenson; ~nd other
students; and those people who stimulated me so much by saying it would
never work~ To Mr. William Sewell Jr., together our ideas are one-
success in the experiments followingt
l~
Work done with artificial hearts has been extremely rare and
it was only after the successful experiment which will be discussed
later that we learned of the work of H.R. Dale and E.H.J. Schuster (1);
de Burgh Daly (2); 0.8. Gibbs (3); and J.R. Gibbons (4). The work known
before the experiment was that of Alexis Carrel and Oharles Lindbergh
(5); Starling (7); and a few others.
Starling developed his heart-lung preparation for perfusion studies;
Lindbergh and Carrel used an artificial heart for the perfusion of organs
which were removed from the animal. In this way, and from studies of
the organ and the perfusion fluid, they had hoped to collect data con-
cerning the function and composition of the organs, and to perform an
endless number of physiological and pathological experiments. Dale and,
Schuster perfused the hind quarters of an animal; though their orginal
idea was to perfuse a heartless animal using defibrinated blood. Gibbons
used a modified de Burgh Daly and Schuster-Dale pump for studies of the
occlusion of the pulmonary arteries. He had no complete recoveries
for more than two hours. Gibble work is more nearly like ours. His
results show that, by the use of an artificial heart and by double
circulation of such in cats he was able to keep the cat alive from one
to three hours. Both he and Tainter (6) have performed physiological
and pharmacological experiments on animals. Tainter refers to Gibble
heart as complicated, expensive, and'hard to operate.
It was well that these references were not known before hand as
they might have played a roll in our more simpler apparatus. The study
of these references will be profitable in knowing why previous animals
~died. The main reasons appear to be due to edema of the lungs, leading
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to anoxema and consequently circul~tion failure; hemorrhage due to oozing;
and shock due to the failure of the central nervous system or the failure
of the peripheral circulation. Hemolysis has occurred in the Gibbon
preparation which may be due to the thin layer of blood on his "artificial
lung" or the rapid change of direction of the blood occurring during the
beating of hiB artificial heart.
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Many experiments have been carried out and many more are left to be
done before our goal i~ life can be reached. Those experiments which
have been perf'ormed in this paper have contributed to the building of
the latest heart. Each part of an original heart sketch has been taken
and developed, with the result that many small experiments consisting of
many trial and error runs were necessary and with the finding that though
anyone part may work by itself on combining with the whole it might
fail to function. Thus trouble and failures were not uncommon.
The artificial heart, as conceived, was to be made either of glass,
rubber or a combination of both. -It was to consist of one, two, or three
glass bulbs so arranged and connected that pressure pulses of air
applied to the correct liquid surfaces would result in the pulse re-
quired for animal experimentation or it was to consist of a rubber mem-
brane which could easily be bulged in or out depending- on the pressure
applied to the surface of the membrane.
The bulb heart was attempted and the first step was to build the
pulsator. This consisted of a motor which turned two cams, C and D, out
of phase with each other and hence each working alternately its own one
way valve. 0 worked the i~let valve, A; and D worked the outlet valve
B. A constant supply of air was attached to the inlet side of the
apparatus. Thus, when cam 0 opened the inlet valve, the air was let
into the heart under pressure and for a period of time controlled by the
cam shape and the speed of the motor. When the cam D opened the outlet
valve, the inlet valve was closed, and the air left the apparatus., This
device worked perfectly. This apparatus is shown schematically in
figur'e 1. Pressure pulses were thus developed.
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It was necessary to incorporate rubber valves to prevent back flow
which was one of our main troubles at the start of the investigation.
At first, penrose membrane valves were used and these functioned by the
application of pressure to their outer surface causing them to close or
by the release of·the pressure causing them to open. These were replaced
by flutter valves which were entirely automatic and worked well in the
bulb heart. See figure 2.
The glass-ware went through many developments. The most noticeable
was the change from a two bulb to a one bulb heart. The second bulb
being replaced by a flutter valve; it was found that this valve decreased
turbulence, decreased the amount of stagnant blood, allowed a much better
control of the circulation, and helped decrease the leaks which developed
in the system from time to time. The final design of the bulb heart
will be found in figure 3.
It was at this time that the first experiment on an animal was to
be tried. Mr. William Sewell performed the operation on a cat under
veterinary nembutal using heparin to prevent clotting of the blood.
Troubles of course arise even in the best planned experiments and this
was no exception but from these troubles we learned. Cannulation
difficulties, respiration mechanism adjustments leading to the loss of
the recording apparatus, and pump difficulties resulted in an unsuccess-
ful first attempt. The failure of the pump appeared to be due to the
lack of a sufficient negative pressure to allow blood to enter the
artificial heart from the body. This deficiency was increased by Iny
plaoing the heart above the animal instead of below it. The length
of communications between the h~art and the cat and the presence of
5
air bubbles were also factors in this failure. Figure 4 shows a schematic
of the operation.
To counteract this lack of negative pressure we used a U tube of
about one inch, in diameter placed between the cam system and the heart.
The idea was to get an amplified effect due to the change of levels of
the water in the U tube and the suction resulting as the levels returned
to normal on exhaust. In this way, we were able to draw water through
the heart from a height of more than one foot which would be sufficient
to overcome any of the mistakes of the first attempt. See figure 5~.
Before the next experiment was tried, a new pump was designed
which was much smaller, did not require any heating apparatus, and had
sufficient output. This pump may be examined in figure 6. This pump
has a total volume in systole of 8.5cc and an output of 700cc/min ••
The next experiment was carried out using the above pump, additions
to the surgical technique, and all around improvements, Mr. William
Sewell operated and was assisted by Miss Norma Coggan. The cat was
anesthesised with veterinary nembutal and heparin- was used to prevent
clotting. The artificial hear~ by-passed the left ventricle of the
catls heart and maintained a constant circulation while experiments
with different drugs were performed.
The procedure of the experiment was as follows. The trachea
was cannulated for respiration and the carotid prepar~d f~r cannulation. ,
After'opening the chest, heparin was added, the right pulmonary artery
was clamped and then the vein. Cannulation of both veins resulted in
the lowering of the blood pressure from the original 120 mm Hg to 60 mID
Hg. This was followed by the'~lamping of the aorta and its cannUlation.
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The pressure fell to ,zero but rose to 80rom when the aorta was un-
clamped again. The unclamping of the right pulmonary artery lowered
the pressure which rose again to 60mm when the pump was started. The
pulse waves of both hearts were superimposed on each other but when the
left pulmo~ary artery was clamped, only one wave was found. This indicated
that we were on the artificial heart only.
The addition of adreLalin quickly increased the pressure to over
100mm Hg and then the pressure fell slowly to about 70mm. It was
possible to return to the animal~ own heart and the pressure remain-
ed near 60mm. "-The addition of saline solution was found to increase the'
pressure forming a sharper peak than with adrenaline The addition of
ephedrine gave a sharp rise in pressure and then a sharp fall below
that of the normal returning then to normal again.
On removal of the artificial heart, the animalts heart kept up the
circula~ion up around 40mm. An attempt to sew the aorta was made and
was successful except for some loss of blood. The animal's heart stopped
"".;-beating and adrenalin gave no recording response. Supplying ~gain the
artificial heart, the blood pressure was found to be high, the venous
return small, the animalts heart started to beat again, and air was
present. The experiment was then concluded. Figures 7,8,9, and 10
show the changes of pressure with each step taken in this experiment.
The curves show no relation to time.
There are also some copies of the original record'found after
the above figures and 'which are self explanatory.
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In ponclusion, this experiment shows that it is possible to keep
an animal alive and to perform different experiments on the animal by
-by-passing, at this time, ,the left ventricle. The evidence has been
presented in this paper and signs of life are evidenced by the heart
continuing to pump not only when the.artificial heart was working but
also when it was no longer in the animal and that certain vasomotor.
reflexes were present. It seems likely that an animal may survive
such an operation, not only with the left ventricle by-passed but
the whole heart.- Thus begins the first step towards our goal.
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